Digital libraries remove physical barriers to accessing information, but the language barrier still remains due to: multilingual collections and the linguistic diversity of users.
Introduction
The curators of digital libraries and their users are being confronted with large quantities of digital material, increasingly diverse in nature: multi-media, multi-cultural and multilanguage (Borgman, 1997; Crane, 2006) . A fundamental goal of digital libraries is to provide universal access to the information being managed (Association of Research Libraries, 1995) , but this can only be realised if digital content is made more accessible and usable over time within online environments (Chen, 2007 archive -aims to provide users access to around 2 million digital objects, including photos, paintings, sounds, maps, manuscripts, books, newspapers and archival papers.
Both digital libraries offer access to multilingual content and Europeana plans to provide a multilingual interface and offer multilingual access to users. More widely, UNESCO has officially launched the World Digital Library 3 , an Internet-based library that aims to display and explain the wealth of all human cultures. Of course, universal access is as applicable to smaller and more specialised digital libraries as it is to the larger national and international ones. However, although digital libraries can remove physical and spatial barriers in accessing information, the language barrier still remains due to multilingual collections and the linguistic diversity of users. Previous research has shown that language has an impact on the structure of the web (Kralisch & Mandl, 2006) and that the power relations of languages on the Internet have cultural implications (Flammia & Saunders, 2007) , causing a digital divide. Language represents a clear barrier to accessing information online, which is dominated by the English language and AngloAmerican values. This is the context in which digital libraries must operate and are thereby subject to this digital divide also. A key factor to the future success of digital libraries is the provision of appropriate multilingual services to allow users to find, explore and work with content in multiple languages (European Commission Information Society and Media, 2006) .
In this paper we present a study to investigate the potential impact of language and field/domain of knowledge in searching for information online in general, and using digital libraries. The context of our study has been constrained to users predominantly within a university setting because: (1) this group makes regular use of digital libraries,
(2) it is increasingly common to find members of this population exhibiting a wide range of language skills and abilities, (3) members of this group have specialised areas of knowledge, and (4) members of this community were easily accessible to us. The methodology follows an inductive approach and both quantitative and qualitative data have been gathered using a questionnaire that resulted in 514 responses. Although the majority of participants belong to The University of Sheffield (UK) and the Universidad Autonoma de Madrid (Spain), an effort has been made to include respondents with other native languages in addition to English and Spanish. Also, a range of fields is studied, with particular attention to the language-related fields. The specific objectives of this study are to:
• Explore the effect of users' language skills and professional/study field on their language choice when searching online; • Investigate whether or not users would like to use cross-language information retrieval (CLIR), its utility and how this relates to language skills and field;
• Investigate the preference of users for certain tools and functionalities that support searching in digital libraries, as well as the most criticised aspects of digital libraries.
The paper is organised as follows: firstly, Section 2 describes related literature; Section 3 explains the methodology used in this study; Section 4 presents the results, which are further discussed in Section 5; Section 6 concludes the paper and discusses further areas for future work.
Literature Review

People, Languages and the Internet
With users' activities involving increasing levels of online interaction, it is important to study language with regard to information access. Miniwatts Marketing Group (2008) shows in its Internet World Statistics that already 17.3% of Internet users are from China, above the 15% from the USA and followed by Japan (6.4%), India (4.1%), Germany (3.6%) and Brazil (3.4%). Also, their numbers show that the percentage of English speakers online has decreased to 30.5% in June 2008, while Chinese speakers represent 20.4% of Internet world users and Spanish speakers, 6.8%. However, these statistics do not take into account the number of speakers that know English as a second language, which Graddol (2006) estimated to be higher than the number of native English speakers.
Also, many people are bilingual or multilingual, but Miniwatts Marketing Group only assigns one language per person.
Although there is a clear trend that the linguistic diversity of content on the Web is increasing, many languages are still underrepresented and the character encoding systems used privilege some languages over others (Flammia and Saunders, 2007) . Mikami and Suzuki (2004) raised the issue of the lack of statistics about the number of web pages by language, script and character set. Halavais (2000) demonstrated that national borders have an imprint in the topology of the Web: websites are more likely to link to another site of the same country (and in this study to websites in the USA). Kralisch and Mandl (2006) also studied the hyperlink structure of the Web and confirmed the tendency to link to websites not only in the same country, but written in the same language.
Previous research has highlighted a digital divide online due to language barriers (Paolillo, 2005; Kralisch, 2005; Kralisch & Mandl, 2006; Flammia & Saunders, 2007; Berendt & Kralisch, 2009 ). An overarching theme throughout the past work has been a language bias towards English and this has been reflected in the analysis carried out. For example, Kralisch (2005) reduced the choice of language to two options: the user's mother tongue and English. Kralisch (ibid.) observed that non-native speakers performed searches in their domain of knowledge, as good as native speakers and concluded that both the language and domain of knowledge affect the amount of cognitive effort involved in the use of a certain search option. Laufer (1998) observed that learners' passive language skills (listening and reading) develop earlier than the active ones (writing and speaking). This observation has consequences when using a foreign language for searching. For instance, a user might be able to understand documents in a foreign language but unable to write queries in that language to find it.
Previous research has also investigated the language skills of users, providing suitable frameworks in which to study language ability. Unknown and native languages are the two endpoints of a spectrum of language knowledge; foreign language ability can vary greatly within these two extremes. While Ringbom (2007) points out the distinction between passive and active ability, Laufer & Goldstein (2004) suggest that this dichotomy is too simplistic, and propose a continuum of knowledge strength that also includes recall and recognition. According to Gibson & Hufeisen (2003) , prior knowledge of a language has been shown to assist understanding of an unfamiliar but related one (e.g. German and Swedish). Marlow et al. (2008) demonstrated the effects of language skill on a series of information retrieval tasks using Google Translate and the requirement for various functionality to support users searching in their native language, a passive language and an unknown language.
As part of the Web, digital libraries might be subject to this "linguistic divide".
Although multilingual access to digital libraries was already explored in 1997 (Borgman;
Oard; Peters and Picchi), the present situation of the impact of language barriers in digital libraries remains unclear.
Multilingual Information Access
Multilingual information access allows users to search for information written in a variety of languages without having to formulate their search query in each language (Oard & Diekema, 1998; Peters & Sheridan, 2001; Jones, 2005; Gey et al., 2005; Kishida, 2005; Gey et al., 2006; Yang & Lam, 2006) . This is particularly useful when a user has sufficient competence in a language to be able to use retrieved documents but is not skilled enough to formulate an effective query. Also, some users will have information needs which can be satisfied without them having to read through a document in detail and the fact that a document exists may be enough (Oard et al., 2008) . As argued by Gonzalo (2002) , there are two different situations relating to a user's language skills that carry different design implications for cross-language systems. If a user is monolingual, full translation assistance is needed in a CLIR context (e.g. back translation of query terms and document translation). If the user has some passive language skills, then document translation is less likely to be used or desired. Language ability, therefore, is an important variable to consider when designing a system that will cater to a range of users with different needs. Multilingual information retrieval is particularly interesting from the perspective of the user because the need for search assistance is substantially higher than in monolingual information retrieval: normally, the user can quickly adapt to characteristics of the system, but not to an unknown target language (see, e.g. Oard & Gonzalo, 2002) .
Providing multilingual information access to document collections can range from adapting existing information for use by local communities to providing cross-language search. Research has focused on aspects such as the design and usability of multilingual websites (Del Galdo & Nielsen, 1996; Yunker, 2003) and the provision of multilingual search functionalities (Oard, 1997) . Cross-language information retrieval involves translating the query (in the source language) into the language of the document collection (target language), the documents into the query language or translating both queries and documents into a common language (McCarley, 1999; Clough, 2005) . At the simplest level, cross-language retrieval involves the combination of "standard" IR methods and translation. This has been proven effective for many European languages as demonstrated in the non-English tasks of the Cross-Language Evaluation Forum (CLEF), a major comparative evaluation exercise for multilingual information access (see, e.g. Savoy, 2004; Peters & Braschler, 2004) . To bridge the language gap, three major approaches for CLIR have emerged: (1) machine translation, (2) machine-readable bilingual dictionaries, and (3) comparable or parallel corpora to develop translation resources (Voorhees and Harman, 2000) .
Providing effective access to multilingual document collections also involves challenges for the designers of interactive retrieval systems. In particular, deciding how best to support interaction within the search process can involve enabling: query formulation (e.g. offering the user additional query terms to refine their search such as synonyms), query translation (e.g. enabling the user to select from multiple query translations such as different word senses), document selection from search results (e.g. providing useable summaries for users to make informed decisions) and document examination (e.g. providing translated versions of documents for use by the end users) (Oard, 1997; Petrelli et al., 2006; Oard et al., 2008) .
Multilingualism and Digital Libraries
Supporting Multi-Lingual Information Access (MLIA) and Cross-Language Information Retrieval (CLIR) in digital libraries has long been recognised as important in providing universal access to digital content (Oard, 1997; Borgman, 1997; Bian & Chen, 2000; Peters & Sheridan, 2001 ). However, much of the focus has been on the technical issues of providing multilingual access and less attention focused on users and the effects of language ability. Exceptions have been the studies by Bachir (2007a, 2007b) However, what is crucial in designing such services is an understanding of the user and their profile, their interaction with information and search systems, and their typical information needs: "Most information retrieval (IR) systems are used by people and we cannot design effective IR systems without some knowledge of how users interact with them" (Robins, 2000, p. 57) . This is as true for digital library systems as it is for information retrieval systems. The present study aims at complementing this previous work, but drawing more general conclusions.
Methodology
This study uses an inductive approach with quantitative and qualitative data gathered using a questionnaire on searching habits, preferences and language selection. Most of the questions were structured and closed-class using a 5-point Likert scale; others were open-ended to gather respondents feedback and comments. The questionnaire was organised and presented in 6 sections: user profile, language skills, language selection, digital libraries, preferred features and crossing the language barrier.
A pilot test of the questionnaire was carried out before embarking on the main study. A paper version of the questionnaire was tested with a sample of sixteen postgraduate students (in Translation Studies) from the University of Sheffield with varying multilingual skills. The results of this pilot test were used to improve the questionnaire and develop the final version (produced in English and Spanish). A purposive (non-probability) sampling approach was used to target potential users of digital libraries and university communities constituted a good starting point for this research because they are users of university and research libraries. Due to time and resource constraints, the online questionnaire was distributed mainly within academic communities from the University of Sheffield and Universidad Autonoma de Madrid.
However, participants from these communities exhibited a range of language skills and abilities from various academic disciplines.
The sample was divided into English native speakers and non-English speakers to analyse the relationship between these two populations. Languages that participants spoke were coded and named L1 (native language), L2 (second language), L3 (third language), etc. To distinguish the language profile of participants from their preferred language(s) for searching online, a new set of languages called "search language" were created and coded as SL1 (preferred search language 1), SL2 (preferred search language 2), etc. The independent variables were the user's language profiles and field/domain of knowledge; location of participants was not asked or taken into account for the analysis, except when they selected the option of location as a reason for their language choice.
To study the relationship between foreign language skills and use of several languages when searching online, two new variables were created: the "polyglot value" and the "polyglot search value". The polyglot value is computed from summing the mean of reading level (1="only understand everyday words and phrases" to 6="understand virtually everything, but not like my first language") and writing level (1="cannot write" to 6="can write fluently and precisely about specialised subjects") in every foreign language a participant knows (i.e. a higher score indicates a higher degree of proficiency in the languages reported). The polyglot search value is computed by summing the frequencies with which people search in each foreign language specified (from 1="hardly ever" to 5="as much as my native search language"), a higher score indicating more frequent searching in non-native languages.
Results
Description of the Sample
A total of 514 responses were obtained from the questionnaire. This consisted of 92% belonging to a university community (80% from the University of Sheffield): undergraduate (31.5%) and postgraduate (23%) students, research and academic staff (20%) and administrative staff (18%); the remaining 8% were not associated with academia. Table 1 shows the fields of knowledge represented by the sample, ranging from arts and humanities, social sciences, science and technology, and health and life sciences. Table 2 . Categories of respondents by native language (L1), first (SL1) and second (SL2) search language.
The following points summarise the reasons participants provided to explain their choice of language for searching:
• Their native language is easier for searching or is the only one they can understand; • They perceive that a significant part of the information in their field of expertise is in English or they find more information in English in general;
• They search in the language of the university where they study/work;
• They search in several languages to widen the coverage of the search;
• They search in the local language if they want to find local news, cultural, historical, linguistic, tourist and geographical information of particular countries;
• Translators and other language-related professionals search in several languages;
• They do not search in English when they want to find information in certain fields, like Archaeology, Museums (French), Philosophy (German and French), etc.
Field of Knowledge and Language Abilities
A wide variety of languages are represented by the respondents (as described in Section 4.1). The "polyglot value" and "polyglot search value" for each participant was calculated to reflect their language abilities and frequency of use of other languages for searching online respectively. An interesting question in this particular context (a university setting), is whether the field of knowledge or study is also related to (or has an impact on) language skills/abilities. Table 3 shows the mean of these values across the most represented fields of knowledge in the sample.
The results from Table 3 show, as one might expect, clear differences between the language skills exhibited by members of different academic groups: in the upper rows the language-related fields, social sciences, anthropology, politics and international relations (on average) have members who are more proficient and search more frequently for information in multiple languages. Respondents from language-related fields typically know at least three languages and have a proficiency or bilingual level in one of them.
This contrasts with fields (in the lower rows of Table 3 ) such as medicine, dentistry and biology: these typically represent people with intermediate levels in one foreign language and rarely use more than one language to search online. p<0.01) indicating that, on average, having a greater proficiency in multiple foreign languages is likely to result in more frequent searches in multiple languages (for these subject areas).
Potential for Cross-Language Information Retrieval
In the questionnaire, respondents were specifically asked whether having CLIR -being able to type a query in one language to find information written in other languageswould be useful to them. In total, 54% stated CLIR would be helpful; 23% not helpful and 23% did not know (or comment). Table 4 shows the respondents' specified interest in CLIR (positive responses) based on their field of knowledge/study. Similar to the results in Section 4.2, the potential utility of CLIR technologies in a university setting may vary depending on the field of knowledge/study. This is interesting as it highlights the fields in which to focus and develop multilingual information access. Table 4 . Interest in CLIR by field of knowledge.
In addition to field of knowledge, Table 5 (grey areas highlighting participants searching in at least two languages) shows that language ability may also have an impact on who would most benefit from cross-language search. This highlights potential groups of users who may benefit more than others in having access to cross-language search.
Results indicate that CLIR functionality may be most helpful in supporting non-English speakers that search in their native language with English as a second choice, and native English speakers who search in languages other than English. As expected, CLIR is not useful to those who do not wish to search across multiple languages (e.g. native English searching only in English).
Native English speakers
Non-English native speakers (SL1≠English) reported that CLIR would be most useful to them for the following:
• To widen the coverage of the search and save time by performing "one search per query instead of one search per language"; • To include different perspectives from different cultures, to widen the spectrum of authors and perform resource comparison to have "a picture of the whole"; • "It is easier to formulate the query in my language (difficult in others) but one might be interested in finding articles in a different language".
In addition, specific applications of CLIR may include:
• In language-related fields: "to find translations of terms", "to find parallel texts for corpus creation and for translation" and "to discover if an American idea has diffused into continental linguistics and vice-versa".
• Arts and Humanities: "Research in my field is published in other European languages", "for historical research", "lots of my research has documents in other languages and I have to translate them and only then do I realise if they are relevant" and "it is useful to compare the British situation with other European Societies".
• Personal interest: "for tourism", "to check foreign news", "to find pictures" and "to improve reading skills in other languages".
Digital Libraries
Overall, 84% of respondents reported using digital libraries as part of their online activities, with 63% using digital libraries for academic/work purposes and 30% for personal interest. In total, 97% of postgraduate students used digital libraries, 96% of research/academic staff and 83% of undergraduate students; administrative staff made the least use of digital libraries (64%). 13.4% of respondents reported using digital libraries on a daily basis, 23% three times or less per week, 18% three or less times per month and 10% once every two months. The reasons for using digital libraries varied: 74% of respondents reported using digital libraries because they wanted digitised versions of documents, 57% indicated they used digital libraries because they were considered a reliable source of information, 45% because they wanted to locate items in a physical library, and 25% because they wanted to access digitised versions of historical documents where the original is not publicly accessible. The features in Table 6 are commonly found features of CLIR and include functionalities to translate the users' query (using machine translation or bilingual dictionaries), improve the query (query expansion) and translate retrieved documents.
The results in Section 4.3 indicate that the functionality required by users is likely influenced by their language abilities and field of knowledge (we found in previous work that language ability had a direct impact on the provision of functionalities for multilingual search (Marlow et al., 2008) ).
When investigating further the digital libraries used by respondents, it was noticeable that very few offered any kind of cross-language support beyond the localisation of selected pages of content. To explore this further, we carried out a "competitor analysis" of the two most widely used digital libraries by participants and examples of multilingual digital libraries: JSTOR and Web of Knowledge. In particular an informal features analysis, which "provides a snapshot of the competition's services and features from a customer standpoint" (Goto and Cotler, 2005, p. 260) was carried out to compare the sites based on functionality, content and multilingual accessibility.
Interestingly, publications written in English represented approximately 90% of the content, whilst other languages were clearly underrepresented. At the same time, access to resources not published in English was not facilitated; neither with linguistic tools nor with a search tool that supported several languages (JSTOR offers a search for 4 languages in addition to English, but requires a special syntax). There are definitely improvements which could be made to help users access the content in these digital libraries, in particular for non-native English users who must gather material in English as part of their research or programme of study.
Discussion
To fully assess the impact and utility of multilingual digital libraries studies must be carried out to investigate the role of language in accessing information online, and in particular for developing effective multilingual digital libraries. The complexity of language choice used to access information is determined by many factors; in this study we have focused on two important factors in the context of (mainly) university communities: fluency in foreign languages and field of knowledge/study.
The first observation to make concerns people's language skills: it is clear from our study that in a multicultural and multilingual society the languages skills that users possess can be very complex. This confirms the need for an appropriate framework in which to capture and analysis language knowledge (e.g. similar to (Laufer & Goldstein, 2004; Marlow et al., 2008; Berendt & Kralisch, 2009) ). Commonly the statistics about
Internet usage by language typically assume that users search in just one language: the official language of their country. This view is too simplistic: firstly, there are many countries with more than one official language and millions of regional languages that are not considered "official"; secondly, there are more speakers of English as a second language than native English speakers (Graddol, 2006) , which would indicate that many online users might search in English and their native language. This study shows (with no aim of generalising the numbers) that 34.4% of the sample uses at least two languages for searching online and 17% of participants prefer English to their native language for searching online.
Our second observation concerns the effect of users' language skills and professional/study field on their language choice when searching online. We have found that users from different fields of study are likely, on average, to have varying language proficiency and skills, which is likely to affect the utility of multilingual information access across different academic disciplines. This suggests that even in one context or search scenario there are likely to be very different use cases and suggests that more detailed studies within domains should be conducted, as well we across different domains. This study has shown that within language-related fields, Arts and Humanities and Social Sciences, as users' proficiency of foreign language skills increases, they are more likely to search using more languages (no correlation was found in other fields). We also observed that in some fields, e.g. Computer Science and IT, English is the predominant language and, therefore, professionals are required to know English in addition to their native language. This might suggest that digital libraries should be developed for or adapted to the needs of specific user groups (rather than providing unnecessary functionality for all users). This aligns with Berendt & Kraslisch (2009) who propose deployment strategies for language tools based on multilingual content, user behaviours, the user group's domain expertise, site type and user's attitudes towards the availability of first-language content.
Our third observation concerns users' interest in cross-language information retrieval. Results from this sample group show that the language-related fields constitute the best potential group of users, followed by the Arts and Humanities and the Social Sciences. Also, non-English speakers that search in their native language only might be the best potential group of users, but they are not statistically significant in this sample and conclusions cannot be drawn. Apart from these users, non-English speakers that search in their native language and in English (as a second choice) are also a potential group of interest. English speakers that use other languages for searching in addition to
English constitute the third group more interested in CLIR.
It should be noted that translators and language professionals suggested many applications of CLIR systems and, in general, "to widen the coverage of the search" was a very popular answer. Also, some participants expressed their need for tools that help to formulate queries in foreign languages they can understand. This finding is supported by
Laufer's study (1998), which indicates that learners' passive language skills (listening and reading) develop earlier than the active ones (writing and speaking). The consequence of this observation for information search is that a user might be able to understand documents in a foreign language but are unable to formulate queries. To overcome this difficulty, online dictionaries were the most popular tools among participants of the questionnaire. Therefore, monolingual users may need help formulating queries in foreign languages and require document translation, but users with passive language abilities may not require tools to support document translation.
Our final observation concerns multilingualism and digital libraries. This study highlights the many opportunities for multilingual information access in digital libraries, particularly within a university community: many people have multiple language skills or work in areas that require searching for content in multiple languages. However, a brief analysis of two commonly used digital libraries (JSTOR and ISI Web of Knowledge) highlight two issues: that content is predominantly in English (as found in other areas of the Web (Berendt & Kralisch, 2009)) , and the provision for multilingual search and browse is minimal (especially with regards to cross-language search). This certainly would not seem to support the notion of making content accessible to all, especially as previous research has shown that users prefer to search in languages they are familiar with (Berendt & Kralisch, 2009) , and prefer to use documents written in languages they can read (Michos et al., 1999) . The provision of multilingual information access will involve more than implementing cross-language search; it requires localisation of existing material and support for multilingual browsing (see, e.g. (Eurescom, 2000) ). The use of CLIR would facilitate access to multilingual information in a digital library, but before designing such functionality a study of the linguistic profile of the library users is necessary. In addition, specific domains or field of knowledge of the library is a factor that determines utility of CLIR.
Conclusions
This study has investigated the effects of language skills and field of knowledge/study on user's preferred languages when searching for information online, including digital libraries, and within a university context. Both quantitative and qualitative data have been gathered using a questionnaire and 514 responses were obtained from a range of people at the University of Sheffield (UK) and the Universidad Autonoma de Madrid (Spain).
Respondents have varying degrees of language abilities and approximately one third of the respondents use at least two languages for searching online. Language skills and the frequency with which multiple languages are searched were found to vary between different fields of knowledge/study, with a significant correlation between the polyglot value (indicating language proficiency in foreign languages) and polyglot search value (indicating the frequency of searching in foreign languages) for language-related fields, Social Science and Arts and Humanities.
The analysis of interest in CLIR by field of knowledge showed that the languagerelated fields constitute the best potential group of users, followed by the Arts and Humanities and Social Sciences. The results also highlight the utility of cross-language search for specific language groups (e.g. non-native English users searching for English content). To develop effective multilingual digital libraries, it is clear that further work should be carried out to better understand the users, their profiles and the context in which they access digital libraries. Studying the language skills and field of knowledge in a university community are just two factors within one domain; multiple contexts and factors should be investigated. It is vital that developing multilingual digital libraries focuses as much on the user and tasks as it does the technical issues required to implement multilingualism.
In future work we plan to study groups that were not statistically significant in this sample with respect to language ability and search languages (e.g. doctors and biologists that are not English speakers but monolingual non-English speakers). Adding a parameter for geographical location would also enrich the study in combination with the language profile. Finally, a more thorough evaluation of representative digital libraries should be carried out to provide a more complete view of the state of multilingual access to digital libraries and potential avenues for future developments.
